INTRODUCTION
============

Chronic wounds significantly influence patients' quality of life by restricting mobility (eg, pain, multilayer bandages),^[@R1]^ increasing social isolation,^[@R2]^ and presenting negative psychological impacts (eg, depression, anxiety, and low self-esteem).^[@R3],[@R4]^ Nevertheless, wound care procedures vary between hospitals. For example, ∼70% of chronic leg ulcers are venous ulcers for which compression therapy is the gold standard treatment.^[@R5]^ However, a US study found that only 17% of patients with venous leg ulcers received compression therapy.^[@R6]^

Wound management difficulties can be attributed to 3 main problems. First, there is no standardization. The lack of information and skill can result from poor access to evidence-based guidelines.^[@R6]^ Nonstandardized, inaccurate, and nonreproducible pathways increase the difficulties related to tracking wound healing and providing continuity of care. Second, multidisciplinary teams are not well integrated. Many health care specialists (eg, general practitioners, pharmacists, skin/vascular specialists, and outpatient clinicians) find it difficult and confusing to know who to ask for help with managing wound care across different departments. In addition, health care systems lack integration of chronic disease primary care, health promotion, illness prevention, and early intervention.^[@R7]^ Third, there is no specific unit that is responsible for wound care and multidisciplinary integration. The absence of a specific unit can result in the dispersion of responsibility for wound care among specialists, inconsistency of wound service, and complexity of budgetary and financial cost.

Wound management services provide care for patients with chronic wounds resulting from diabetes, poor circulation, improper off-loading, and immune-compromising conditions. The goals of wound management services are to treat chronic wounds through the stages of healing, reduce infections or complications, and prevent future chronic wounds as well as restore the functional activities of daily life.^[@R8]^

Although the benefits of wound care services and multidisciplinary team care have been thoroughly discussed,^[@R9]--[@R11]^ there is a functional gap concerning the establishment of an efficient referral system. Patients are often confused regarding whom to see for wound care, and healthcare providers (plastic specialists, dermal specialists, general practitioners, and nurses) find it difficult to manage wound care across disparate levels of departments. Therefore, we intended to organize the conceptual framework of a multidisciplinary wound care center, which provides the efficient clinical referral path to wound healing.

METHODS
=======

Organization of the Wound Care Center
-------------------------------------

The wound care center was established in August 2010 in Chang Gung Memorial Hospital, Chiayi, Taiwan, providing 1339 beds for patient care with a large rural referral and catchment area in a township area. The members of the wound care center and other specialists from different departments are integrated into a multidisciplinary team that works on individual cases, general protocols, and education and prevention in the community. The center\'s medical director is the department chief of plastic surgery; the director and another plastic surgeon, rather than a training resident, provide patient consultations for potential wound intervention candidates. Vascular or orthopedic surgeons, podiatrists, internists, infectious disease specialists, and prosthetists are also available for consultation as needed. A full-time licensed nurse practitioner (coordinator) of wound care is also responsible for wound management assistance, scheduling, photography, and documentation. Physical therapists and occupational therapists provide rehabilitation programs within the center, such as offloading therapy and scar care education, to help the patients attain functional restoration earlier. Furthermore, improvement in physical appearance is emphasized through processes such as scar care, which can improve a patient\'s quality of life. The aesthetic medical center is located right beside our wound care center, which can provide laser therapy or any other cosmetic procedures as necessary.

Wound Management Pathway
------------------------

The conceptual framework for wound management service consists of 3 steps (Fig. [1](#F1){ref-type="fig"}). The first step is patient entry and onsite immediate wound debridement, which indicates the patient referral process where wound center clients are referred from outpatient clinics and inpatient consultation. Outpatient clinics can be wound care clinics or combined clinics (plastic or orthopedic surgeon or endocrinologist). For inward consultation (inpatient) (Fig. [2](#F2){ref-type="fig"}), the wound care service is initiated once the physician from any other department considered wound care service necessary. The patient is scheduled for a visit to the wound care center by the coordinator; the appointed doctor can meet the patient and family on the arranged day to discuss the wound condition with them. Without an uncertain waiting period, senior consultants can approach patients in person with professional wound assessments and perform immediate debridement onsite as needed. For example, if ambulation is possible, staff will examine the patient at the wound care center as scheduled, and onsite debridement or wound care advice is performed immediately. If the patient is not ambulatory, staff (visiting and resident staff) proceed to the bedside for further management the next morning, providing the same debridement or wound care advice. If anesthesia is necessary depending on wound severity, the staff can set the debridement schedule in the operation room for the next day.

![The conceptual framework for wound management service contains 3 steps, including patient entry/onsite debridement, wound re-evaluation, and individual wound bed preparation.](medi-94-e1962-g001){#F1}

![Step 1: patient entry and onsite debridement. After initiation of the wound care service, the physician will meet the patient at the wound care center or bedside. Depending on the patient\'s wound condition, wound screening, debridement, wound care advice, and education will be provided step-by-step. OR = operation room.](medi-94-e1962-g002){#F2}

The therapeutic process lags and can be delayed because a chronic wound may need a series of debridement and regular follow-up. The coordinator (nursing staff) also assists the consultant in scheduling follow-up appointments at the center as clinically needed. The wound care center provides not only 1-time wound care, but also a complete program of care including further education and prevention for patients and families.

After being referred and completing the first visit and debridement, the patients proceeded to step 2, wound re-evaluation (Fig. [3](#F3){ref-type="fig"}). For example, a leg ulcer is evaluated using multiple tools, including neurologic evaluation, vascular evaluation (Ankle--Brachial Index), and the TIME concept (Tissue, Infection/Inflammation, Moisture imbalance and Edge of wound).^[@R12]^ Wound size is measured by the longest length and width of the wound. All individual patient wound profiles are organized into our data bank, which can be analyzed for wound care efficacy and follow-up.

![Step 2: wound re-evaluation. After completing the first visit and debridement, patients proceeded to wound re-evaluation, in which the wound is evaluated using multiple tools, including neurologic evaluation and/or vascular evaluation. All individual patient wound profiles are organized into a wound care data bank.](medi-94-e1962-g003){#F3}

The third step (Fig. [4](#F4){ref-type="fig"}) includes setting up the individual wound care plan based on the results of wound re-evaluation in step 2. Emphasis is placed on the importance of wound bed preparation (using TIME), early referral between members of the multidisciplinary team, such as the vascular team, hyperbaric oxygenation therapy, further education, and prevention. Offloading must therefore be addressed in a timely manner. There are a number of offloading modalities available for the management of chronic wounds in our multidisciplinary wound care team. Physical and occupational therapists assist the plastic surgeon in handling the offloading issue. The offloading protocol will start after early debridement or at the initial visit for those who need no amputation. The choice of modality will depend on patient-related conditions, for example, concordance with the device, the patient\'s mobility and their regular activities of daily living, and will be discussed in the regular follow-up out-patient department.

![Step 3: individual wound care plan. Based on the results of wound re-evaluation, patients proceeded to an individual wound care plan, in which wound bed preparation, multidisciplinary teamwork, and community education and prevention are provided.](medi-94-e1962-g004){#F4}

Ethical Approval
----------------

This study was approved by the Chang Gung Memorial Hospital--Institutional Review Board (101--3743B).

RESULTS
=======

Type of Wounds
--------------

From January 2011 to December 2014, 1103 patients were recruited from wound care management outpatient clinics or inpatient consults. Each patient had regular follow-up for at least 4 months. The most common types of wound encountered were pressure ulcers (45%), followed by diabetic foot ulcers (42%), venous stasis ulcers (7%), and arterial ulcers (6%) (Table [1](#T1){ref-type="table"}).

###### 

Results of Wound Management

![](medi-94-e1962-g005)

Outcome
-------

After wound care management in our wound care center, 62% of patients achieved significant healing or improvement in wounds, 13% of patients experienced no change, and 25% of patients failed to follow-up. The outcome of wound treatment varied by wound type. Sixty-nine percent (322/466) of diabetic foot ulcer patients were significantly healed or improved. In contrast, pressure ulcers were the least healed wound type, with only 55% (272/497) of patients achieving obviously healed or improved wounds (Table [1](#T1){ref-type="table"}). After establishment of a wound care center, we can identify an increased proportion of healed/improved wounds and a decreased proportion of no change/lost follow-up in different wound types from 2011 to 2014 (Fig. [5](#F5){ref-type="fig"}A--D). Data from 2011 and 2012 were merged because of fewer cases in the first 2 years after the foundation of the wound care center, compared with the most recent 2 years.

![Wound condition from 2011 to 2014. The proportion of healed/improved wounds increased with the decreased proportion of no change/lost follow-up wounds from 2011 to 2014: (a) diabetic foot ulcers; (b) pressure ulcers; (c) venous ulcers; (d) arterial ulcers.](medi-94-e1962-g006){#F5}

DISCUSSION
==========

Multiple studies have supported the efficacy of protocol-based treatment for pressure ulcers, venous stasis ulcers, and diabetic foot ulcers.^[@R13]--[@R16]^ Edwards et al confirmed that the implementation of evidence-based protocols for wound assessment and treatment was significantly related to improved healing outcomes.^[@R17]^ The principle of the wound care protocol is easy to comprehend, but the execution of the clinically efficient wound management service is complicated and needs a standardized and well-integrated multidisciplinary team with specific capacity. The main reason for the difficulty experienced in wound care is a poor referral system, which may be attributed to the inability of the physician to identify and diagnose the wound, patients' refusal to see the doctor, patients' refusal to be referred to a wound care center, and the absence of a highly efficient wound care center. The lack of education and routine training for professional wound care and the huge variety of wound care products, procedures, and treatments pose a potential problem for the implementation of wound care as well.

Our wound care center provides a structure to integrate the outpatient clinic, inpatient ward, operation room, rehabilitation center, aesthetic medical center, and other specialized professionals into 1 structure to provide holistic care. There were no conflicts between different departments, which still provided their specialty under a well-integrated referral system. The efficient 3-step wound management path has the advantage that all involved specialists from different departments in the hospital can continue to trace the patient\'s condition in the same pre-existing unit of the healthcare system.

A few studies have shown improvement of clinical outcomes following the implementation of wound care protocols.^[@R18]--[@R20]^ A 6-month review of the outcomes of 115 patients with chronic wounds at the Baystate Medical Center reported healing rates (38%) related to wound etiology with venous ulcers having the most successful healing rates.^[@R21]^ A 7-year study of 2685 chronic wound patients demonstrated 38% of patients with overall wound closure, 9% with signiﬁcant improvement in wounds, and 45% of patients did not complete the treatment.^[@R22]^ In our data collected over a 4-year period, we achieved higher rates (62%) of wound healing or improvement. Because wound care is a continuous process, wound healing and a better prognosis are more likely to be achieved in a wound with improvement than in 1 with stasis. We observed a trend in the 13% of patients who experienced stasis in their wounds. They tended to have a weaker understanding of wound care at home and poor compliance related to a lack of knowledge. Most of them in this region are fishermen and farmers. Furthermore, we had fewer patients who failed to follow-up. We investigated the reasons for 25% of patients losing follow-up. Many of them changed to other health facilities due to accessibility or long distance. This better compliance can be attributed to our efficient wound management model, which contains active follow-up, education, and prevention. Importantly, we have basically provided an original wound management model, which includes a standardized wound management pathway and an integrated multidisciplinary team combined in a specific wound care center.

Our wound management system provides not only onsite screening, but also real-time wound management with early intervention and instant education for the caregiver. The Team Resources Management (TRM) concept, drawn from Crew (Cockpit) Resource Management originating from a 1979 NASA workshop focused on improving air safety,^[@R23],[@R24]^ has been utilized in our center to pursue better outcomes.^[@R25]^ By applying the TRM concept in our wound care center, we can increase efficient communication and coordination across a multidisciplinary team as well as implement advances in wound assessment and treatment.

In addition to improving the quality of wound care, we hope that the establishment of a wound care center will not only improve patients' pain and activities of daily life, but also achieve biopsychosocial healthcare, an approach believed to have positive effects on reducing costs and relieving the burden on the healthcare system. We believe that the function of community healthcare centers and patient education, as well as the health practitioner at home, are all relevant factors in the final clinical outcome of the chronic wound patient. But a randomized, controlled study showed the wound center treatment to be more cost-effective and to have better healing rates than home health nursing without protocol.^[@R26],[@R27]^ Although we did not perform an analysis of cost-effectiveness, our wound care center obviously achieved improvement of wound healing and can therefore relieve the burden on both patients' and caregivers' daily lives.

We do perform soft tissue reconstructions in our hospital. However, we could see that patients with these chronic wounds are often complicated with underlying systemic diseases. Many of them are either not good candidates for flap reconstructions, or they refuse the possible risks of major reconstructive procedures. No matter whether the team decides on reconstruction procedures or debridement with wound care, the clinical path for efficient wound management service is concordant. Because our team leader is set to be a plastic surgeon, more treatment options can be conducted for our patients on an individualized basis.

Limitations
===========

This study has some limitations. First, before the establishment of a wound care center, wound care data were not recorded; hence, we could not compare the efficacy of wound healing between our 3-step wound management service and the conventional system. However, we have identified a trend of increased healing/improvement rates in different types of chronic wound throughout the 4 years after establishment of the wound care center, although a longer follow-up period may be needed. What we provide is responsible, timely wound care in a specific unit. The comparison between wound management service and the conventional system is presented in Table [2](#T2){ref-type="table"}. Second, wound healing could be influenced by age, gender, comorbidity, or geographic location, and we did not discuss our patient profiles according to these factors. However, the majority of patients in our study were elderly with comorbidities (Suppl. 1, <http://links.lww.com/MD/A496>), and 16.04% of population was \>65 years in Chiayi, Taiwan.^[@R28]^ The average age of patients with diabetic ulcer was 66.5 years, and the average age of those with pressure ulcer was even higher up to 74.6 years in our population (Suppl. 1). In addition, the provision of wound care service for the elderly is much more challenging than for the younger population due to the accompanying comorbidities or chronic diseases. The administration of such an efficient wound care service to the general population can be predicted to achieve an even and satisfactory wound healing rate. Third, the wound healing processes after wound management, such as time to healing, complications, recurrences, and re-ulceration, were not shown in this study.
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Comparison of a Wound Management Service and the Conventional System
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In the future, we would like to collect more data and perform a retrospective study in a larger population to investigate the effectiveness of wound healing services more specifically. We can use our wound management data bank to analyze predictive factors of wound condition. Beyond disease treatment, the final goal of setting up the wound care center will focus on disease prevention, education, and functional and cosmetic restoration, achieving holistic medical care.

CONCLUSION
==========

We have integrated efficient, standardized multidisciplinary teams in a specific wound care center. Within our wound care center, patients can schedule appointments instead of waiting indefinitely for care. Staff can approach patients in person, administer an adequate wound assessment, and perform timely debridement. Further wound condition follow-up, education, and prevention are also continually provided. By implementing a 3-step wound management service and focusing on prevention and education for wound care, we can achieve biopsychosocial holistic care, which is believed to have a positive effect on relieving the burden on the healthcare system.

Abbreviations: NASA = National Aeronautics and Space Administration, OR = operating room, TIME = tissue infection/inflammation moisture imbalance and edge of wound, TRM = team resources management.
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